Abstract: Many activities necessitate a high degree of static joint range of motion (ROM) for an extended duration. The objective of this study was to examine whether ROM could be improved with a short duration and volume of static stretching within a warm-up, without negatively impacting performance. Ten male recreationally active participants completed 2 separate protocols to examine changes in ROM and performance, respectively, with different warm-ups. The warm-up conditions for the ROM protocol were static stretching (SS), consisting of 6 repetitions of 6 s stretches; 10 min of running prior to the SS (AS); and 5 min of running before and after the SS (ASA). The performance protocol included a control condition of 10 min of running. Measures for the ROM protocol included hip flexion ROM, passive leg extensor tension, and hamstring electromyographic (EMG) activity at pre-warm-up, and at 1, 10, 20, and 30 min post-warm-up. Performance measures included countermovement jump (CMJ) height, reaction time (RT), movement time (MT), and balance at pre-warm-up and at 1 and 10 min post-warm-up. The ASA produced greater ROM overall than the SS and AS conditions (p < 0.0001), persisting for 30 min. There were no significant alterations in passive muscle tension or EMG. For the performance protocol, there were no main effects for condition, but there was a main effect for time, with CMJ height being greater at 1 and 10 min post-warm-up (p = 0.0004). Balance ratios and MT improved at 10 min post-warm-up (p < 0.0001). Results indicate that the ASA method can provide ROM improvements for 30 min with either facilitation or no impairment in performance. This may be especially important for athletes who substitute later into a game with minimal time for a full warm-up.
Introduction
Static stretching has been considered an essential component of a warm-up for decades (Young and Behm 2002) . The traditional warm-up consists of a submaximal aerobic component (e.g., running, cycling), which is designed to raise the body temperature 1 to 2 8C (Young and Behm 2002; Young 2007) . The increase in body and muscle temperature has been found to increase nerve conduction velocity and increase muscle compliance (Young and Behm 2002; Bishop 2003) . Traditionally, the second component has been a bout of static stretching (Young and Behm 2002; Young 2007) . Static stretching has been demonstrated to be an effective means of increasing range of motion (ROM) about the joint (Bandy et al. 1997; Power et al. 2004 ). This bout of stretching is usually followed by a segment of skill rehearsal, where the athletes perform dynamic movements similar to the sport or event for which they are preparing (Young and Behm 2002) .
Static stretching exercises have been used for decades as a major component of warm-up protocols in sports and fitness classes (Shellock and Prentice 1985) . However, the preponderance of literature over the past dozen years has reported static stretch-induced impairments in isometric (Kokkonen et al. 1998; Fowles et al. 2000; Behm et al. 2001; Nelson et al. 2001a ) and isokinetic (Nelson et al. 2001b) force, jump height (Young and Elliott 2001; Young and Behm 2003; Unick et al. 2005; Behm and Kibele 2007) , sprint time (Fletcher and Jones 2004; Nelson et al. 2005c; Fletcher and Anness 2007) , muscle activation (Rosenbaum and Hennig 1995; Behm et al. 2001; Power et al. 2004) , reaction and movement time, and balance . A number of these studies have used extensive durations that involved 30 to 60 min (Fowles et al. 2000; Avela et al. 2004 ) or 15 to 20 min (Behm et al. 2001; Cramer et al. 2005; Bacurau et al. 2009 ) of static stretching. Many other studies, using prolonged static stretching durations of more than 20 to 30 s with 3 or more repetitions (Behm et al. 2001 Young and Behm 2003; Power et al. 2004; Behm and Kibele 2007; Chaouachi et al. 2008 Chaouachi et al. , 2010 , have also illustrated static stretch-induced impairments. However, these durations do not reflect common pre-event stretching practice among recreational or most elite athletes. For example, a series of articles that surveyed North American strength and conditioning coaches from professional sports reported average stretch repetition durations of approximately 12.0 s ), 14.5 s , 17.0 s (Ebben et al. 2004) , and 18.0 s (Ebben and Blackard 2001) for baseball, basketball, hockey, and football players, respectively.
It is possible that there is a volume effect associated with the stretch-induced impairments (Knudson and Noffal 2005; Young et al. 2006) . Table 1 illustrates a sample of studies that demonstrate no detrimental effect of shorter durations of static stretching (Knudson and Noffal 2005; Zakas et al. 2006a Zakas et al. , 2006b Ogura et al. 2007; Beedle et al. 2008; Franco et al. 2008; Siatras et al. 2008; Torres et al. 2008) . Other examples, including studies using a total of 45 s (Knudson et al. 2001; González-Ravé et al. 2009), 60 s (Robbins and Scheuermann 2008) , and 90 s Samuel et al. 2008 ) of static stretching, have reported no effects on jump heights. Young et al. (2006) identified a volume effect to their stretching regime. A greater duration of stretching resulted in greater deficits. Thus, a novel objective of this study was to examine the duration and effectiveness of a shorter duration (6 s) of static stretching on ROM and performance. There are no studies, to our knowledge, that have incorporated such a brief duration (6-s repetitions) of static stretching to examine its effect on ROM and subsequent performance.
Why even include static stretching in a warm-up? There are many dynamic sports in which enhanced static flexibility would be expected to affect performance. Some examples include the ability of a goaltender in ice hockey to maximally abduct his or her legs when in a butterfly position, gymnasts performing and holding a split position, and activities performed in wrestling, martial arts, synchronized swimming, and figure skating. Whereas some studies have indicated that dynamic stretching provides increases in static flexibility that are similar to those in static stretching (Beedle and Mann 2007; Herman and Smith 2008) , other studies have indicated that dynamic stretching is not as effective at increasing static flexibility as static stretching (Bandy et al. 1998; Chan et al. 2001; Davis et al. 2005; O'Sullivan et al. 2009; Covert et al. 2010) . Hence, it could be important to include static stretching in the warm-up for specific sport flexibility applications. However, it is just as important to ensure the static stretching does not impair subsequent performance.
Another important aspect of this study was to examine the effect of providing aerobic activity before and after the stretching routine. Even when combined with a prior aerobic activity (Behm et al. 2001; Power et al. 2004; Behm and Kibele 2007; Fletcher and Anness 2007; Vetter 2007; Cè et al. 2008; Holt and Lambourne 2008) , dynamic warm-up Winchester et al. 2008) , or skill rehearsal (Young and Behm 2003) , static stretching has still exerted negative influences upon subsequent performance. Jumping performance deteriorated with static stretching followed by a second aerobic warm-up (Pearce et al. 2009 ). On the other hand, Chaouachi et al. (2010) conducted a sequencing study implementing 8 stretch protocols that sequenced static and dynamic stretching at different intensities and orders with a control warm-up condition. There were no significant effects on sprint, agility, or jump performance. However, all these studies used repetitions with 15 s or more of static stretching. Short-duration stretching with a second aerobic warm-up to maintain an elevated core temperature could be important for ensuring an enhanced flexibility and athletic performance, both at the commencement of the match and when an athlete is inserted into the competition mid-match with minimum time for further stretching or sport-specific activities. Will a second bout of aerobic activity following static stretching prolong possible increases in flexibility for 30 min after stretching the muscle?
There are very few studies that include a second bout of aerobic activity after the stretching component or that test flexibility changes for 30 min poststretching. Of the 27 studies documented that monitored changes in flexibility, only 1 study implemented activity following the static stretching routine (Viale et al. 2007) (Table 2) . A number of studies implemented poststretching activities into their warm-up procedure, but tested for measures other than ROM (Young and Behm 2003; Fradkin et al. 2004; Richendollar et al. 2006; Saez Saez de Villarreal et al. 2007; Guidetti et al. 2007; Skof and Strojnik 2007; Needham et al. 2009 ). Furthermore, the vast majority (16 of 27) of studies tested for ROM almost immediately following the static stretching intervention (Table 2) , while only 3 studies in this survey provided data beyond 20 min of the stretching intervention. Thus, it would be vital to investigate if a warm-up procedure can prolong increases in ROM without negatively impacting performance.
Thus, the objectives of this study were to determine the effect of 6-s repetitions of static stretching alone (SS), 10 min of aerobic cycling followed by 6-s repetitions of SS (AS), and 5 min of aerobic cycling prior to and following 6-s repetitions of SS (ASA) on hip flexion ROM and subsequent performance. It was hypothesized that the ASA condition would provide the most persistent (longest duration) enhanced flexibility without impairments to performance.
Methodology

Experimental design
Two experimental protocols (ROM and performance measures), using the same interventions and subjects, were conducted (Fig. 1) . The ROM protocol involved 3 conditions (SS, AS, ASA). The SS for the ROM study involved 6 repetitions of 6-s hip extensor passive stretches. The AS condition involved a 10 min treadmill run prior to the SS, while the ASA condition involved 5 min of treadmill running prior to and following the stretching routine. The ROM experimental protocol measured pre-and postintervention changes in hip flexion passive ROM, passive hip extensor muscle tension, and integrated electromyographic (EMG) activity of the hamstrings at the maximum hip flexion ROM. Postintervention measures for the ROM experiment were taken at 1-, 10-, 20-, and 30-min intervals after the warm-up condition.
The performance protocol involved 4 conditions (SS, AS, ASA, and control). For the performance protocol, there were 6 repetitions each of 6-s passive stretches for the hip extensors, quadriceps, and plantar flexors. The AS and ASA conditions employed the same aerobic activity as the ROM protocol. The control condition for the performance protocol involved a 10-min treadmill run without a stretching routine. The performance protocol measured pre-and postintervention changes to countermovement jump (CMJ) height, balance contacts, balance ratio, reaction time (RT), and movement time (MT). Based on pilot data showing no effects after 10 min, the performance experiment took postintervention measurements at 1 and 10 min after the warm-up.
Subjects
Eleven male volunteers (age, 22-30 years; height, 182.1 ± 8.26 cm; weight, 84.6 ± 9.03 kg) were recruited from the university population (Memorial University of Newfoundland, St. John's, N.L.). Based on their activity levels, participants were 6 recreationally active (2-3 activity sessions per week of 30-60 min) and 5 trained (5-6 activity sessions per week with the goal of improving performance in resistance training or a competitive sport, such as kick boxing, hockey, or squash) subjects. Participants were verbally informed of the procedures, and read and signed a consent form and a physical activity readiness questionnaire (PAR-Q) before participating. The Memorial University of Newfoundland Human Investigation Committee approved the study.
ROM protocol setup
The 3 conditions (SS, AS, ASA) were randomly ordered; each subject completed all 3 conditions in a random order on nonconsecutive days. A pretest was used as the control condition in the ROM protocol, as a previous study showed that with approximately 10 min between tests, single 3-to 5-s stretches will not affect subsequent ROM testing results (i.e., at 1, 10, 20, and 30 min). Preand postintervention tests included passive hip flexion ROM to maximum stretch tolerance (as verbally indicated by the subjects and their perception of pain and discomfort), passive leg extensor tension force, and integrated EMG activity at maximum ROM. A total of 3 measurements were taken, and the closest 2 ROM measures were used for analysis Behm and Kibele 2007; Huang et al. 2010) ; this was also true for the corresponding leg extensor passive force and EMG readings for those ROM measures. Following baseline testing, subjects were instructed to follow the assigned condition for that session. The 3 experimental conditions differed, based on the implementation of aerobic activity prior to and after stretching.
The SS condition required subjects to perform 6 repetitions of 6-s static hip extensor stretches to the dominant leg (dominance was chosen as the leg used to kick a ball) after baseline measures were recorded. This ROM technique involved the subject adopting a standing position and placing a heel (with an extended leg) on a 50-cm high platform. Subjects would then reach forward, with their arms toward the extended leg, while maintaining a proper lordotic curve. All subjects were informed of the relative intensity at which to hold each stretch (a subjective measure of 80% of maximum discomfort was used to ensure maximum ROM for each subject) (Behm and Kibele 2007) . The point of discomfort was described to the participants as the point at which they first felt the onset of uncomfortable tension or stretch in the hamstrings. Between the 6 repetitions of 6-s stretches, 6 s of relaxation was permitted. The participant was also instructed to remain relaxed and to avoid any voluntary contractions. The other 2 conditions differed from the SS condition, in that aerobic activity was implemented prior to stretching. A 10-min treadmill warm-up at 10 kmÁh -1 was introduced prior to the SS procedure for the AS condition. In the third condition, 5 min of aerobic treadmill running (10 kmÁh -1 ) preceded and followed the SS procedure (ASA).
Testing measures
The pretesting measures were similar for all subjects, in that both height and weight were recorded prior to experimentation. Pre-and post-test measures included maximum hip flexion ROM, passive leg extensor tension (force), and integrated EMG activity associated with the maximum ROM. Post-test ROM measures were conducted at 1-, 10-, 20-, and 30-min intervals after the warm-up condition.
Hip flexion ROM
Static flexibility is defined as the ROM that is available to a joint or series of joints (Gleim and McHugh 1997) . Hip flexion ROM in this study was measured directly, using a manual goniometer (Baseline) and the passive straight leg raise technique (Hall et al. 2001) . The goniometer was accurate to 18. An analysis of repeated tests resulted in a reliability coefficient of 0.96. The greater trochanter was used as a reference point for the axis of the goniometer. Reference points were also marked on a subject's leg and torso to ensure accuracy and to limit variance in repeated measurements. This ROM technique involved placing the subject in a supine position, ensuring the knee remained in full extension. The subject's leg was passively raised to induce flexion at the hip with minimal hip rotation until the subject verbally indicated the point of discomfort had been reached. The point of discomfort was described to the participants as the point at which they first felt the onset of uncomfortable tension or stretch in the hamstrings. During the leg raise, no movement of the opposite leg was ensured. The participant was instructed to remain relaxed and to avoid any voluntary contractions.
Passive hip extensor muscle tension
Passive tension of the muscle is described as the tension provided by the tendons and muscle membranes when the muscles are not activated (Hall 2007) . Changes in passive muscle tension associated with the interventions would illustrate whether alterations to the muscle mechanical properties (e.g., compliance) had occurred. The passive tension of the hip extensor musculature was indirectly measured, using the passive torque force created at the ankle joint at the point of discomfort during the hip flexion ROM procedure, as described above. The passive torque force was measured using a hand-held dynamometer (Lafayette Manual Muscle Test System Model 01163). The hand-held dynamometer operates at a range of 0 to 22.6 kg and is accurate to ±1% over the full scale. Its resolution is 0.1 kg. The hand-held dynamometer was placed 2 cm superior to the calcaneous, and manually held there for 3 s at the point of maximum ROM (Fig. 2) .
EMG
EMG activity was monitored in an effort to ascertain whether the interventions provoked reflex-modulated changes in muscle EMG activity. Unlike a strong muscular contraction, the EMG activity from a passive stretch was expected to provide a low signal to noise ratio. Since the signal to noise ratio was expected to be low, and the day-today variability is higher than within-session variability, a pretest was used for all interventions in an attempt to decrease the variability that might appear when EMG activity is recorded and compared from separate days (sessions).
Measurements of the length of the anterior aspect of the thigh were recorded, from the anterior superior iliac spine to the apex of the patella. A mark at the midpoint was recorded on the subject's thigh as a reference point for electrode placement of the quadriceps. Another measurement for the hamstring was taken at the midpoint of the ischial tuberosity to the posterior aspect of the lateral epicondyle of the femur. As in previous studies, electrodes were placed at the midpoint of both the agonist and antagonists to provide a substantial signal from the multiple muscle groups of the quadriceps and hamstrings, as well as to investigate any possible increases in co-activation (Behm et al. 2001; Huang et al. 2010) . Skin preparations included shaving the area of interest, removing dead epithelial cells with a piece of sandpaper, and cleansing the area with isopropyl rubbing alcohol (70%). Two electrocardiography conductive adhesive electrodes (Ag/AgCl, disc shaped, 10 mm in diameter; Kendall Medi-Trace 130) were placed back to back (approximately 2 cm apart) over the marked midpoints on both the anterior and posterior aspects of the thigh. A fifth electrode was used as a ground and placed on the proximal head of the fibula. EMG activity was sampled at 2000 Hz, with a Blackman -61 dB band-pass filter between 10 to 500 Hz, amplified (bipolar differential amplifier; input impedance = 2 MO; common mode rejection ratio 110 dB min (50/60 Hz); gain Â 1000; noise 5 mV), and analog-to-digitally converted (12 bit) and stored on a personal computer for further analysis. EMG was full-wave rectified and integrated over a 3 s period during the 6-s maximum ROM. The EMG data acquisition commenced once the subject indicated that the maximal ROM was achieved.
Performance protocol setup
The performance portion of the experiment was completed in separate sessions from the ROM experiment, since the variety of measurements involved in the 2 protocols would not have allowed for the timely completion of testing at each recovery period. The performance experiment used the same warm-up interventions, but differed in measures, the recovery testing periods, and the muscles stretched. Postintervention testing was conducted at 1 and 10 min after warm-up. The same duration and intensity of SS was implemented for the hamstrings, quadriceps, and plantar flexors. The leg extensor (primarily hamstring) stretch was the same as in the ROM study. The quadriceps stretch involved flexing the knee toward the buttocks while standing, and providing additional tension by pulling the lower leg segment toward the buttocks with the ipsilateral arm. The plantar flexor stretch had the subject, with a fully extended leg, place his foot flat on the floor and use the forward lean of his body to dorsiflex the ankle, while supporting his body against a wall. The subject would stretch 1 muscle and then, without rest, stretch the contralateral muscle; this allowed the subject to move immediately from one stretch to the next. The order of stretches was randomized.
Balance test
Two balance tests were conducted, and the average of the 2 tests was used for analysis. Both parameters were monitored and calculated, with a software program (Innervations, Muncie, Ind.), from the 30 s wobble board test (Kinematic Measurement Systems, Muncie, Ind.). A metal plate connected to the computer hardware was placed under the wobble board. When the perimeter of the wobble board made contact with the metal plate, the duration and frequency (during the 30-s test) of contact was recorded by the software. The static balance test included the number of times the edge of a subject's circular wobble board came in contact with the base metal plate over the 30 s. A balance ratio was calculated as time of contact with the floor to no contact. Subjects received an orientation session for the balance board on a separate day, and performed 1 or 2 practice attempts on the day of testing. The day to day reliability of the balance test using an intraclass coefficient correlation has been determined to be 0.81, with a between-test (single session) reliability of 0.86 ).
RT and MT
RT and MT tests were measured with an apparatus developed by the Memorial University of Newfoundland Technical Services (Electronics, N.L.). The testing apparatus consisted of a stop clock (58007, Lafayette Instrument Company, Lafayette, Ind.); an analog timer (L15-365/099, Triton Electronics, Essex, UK); a stop clock latch (58027, Lafayette Instrument Company), which connected the stop clock and the analog timer; a custom-designed box (62 cm (length) Â 15.5 cm (width) Â 9 cm (height)), with a distance of 50 cm from center of the start button to the center of the stop button; and a trigger plate for the start of the task. With the device situated on the floor, the task entailed movement of the dominant foot in response to the illumination of an incandescent light bulb. The subject would start with the nondominant foot on the floor and the ball of the dominant foot on the start button. Upon illumination of the light bulb, the subject would release the start button and move his foot forward to touch the stop button (50 cm). RT was measured as the time between the illumination of light stimulus and the release of the start button. MT was measured as the time between the initiation of the movement and the depression of the stop button. The actions involved hip flexion, knee extension, and plantar flexion. To move as quickly as possible, the quadriceps and plantar flexors would initiate the movement, while the hamstrings would aid with the deceleration of the leg to accurately touch the stop button. Two trials of RT and MT were performed, separated by 30-s rest periods. An average of the 2 tests was used for analysis. The day-to-day reliability of the RT and MT tests using an intraclass coefficient correlation has been determined to be 0.60 and 0.89, respectively, with no significant (p < 0.05) difference between values for test and retest ). Between-test (single session) intraclass coefficient correlation reliability measures of 0.79 and 0.93 have been documented for RT and MT, respectively ).
CMJ height
Two CMJs were performed for each testing time (Young and Behm 2003; Power et al. 2004; Behm et al. 2006; Kean et al. 2006; Behm and Kibele 2007) . For ecological validity, each subject was permitted an arm swing, and the depth and timing of the downward phase was not regulated so that the movement was natural. Chalk was placed on the subject's hands, and the investigator was positioned on a 1-m platform to examine the placement of the fingers on the measuring tape area. The investigator could distinguish jump heights within 1 cm.
Statistical analysis
Data for the ROM protocol were analyzed with a 3 Â 4 (protocol (S, AS, ASA) Â time (1, 10, 20, and 30 min post)) 2-way analysis of variance (ANOVA) with repeated measures, using SPSS 16.0 Statistical Analysis Software (Chicago, Ill.). Dependent variables for the 2 factors (protocol and time) included ROM, passive muscle tension force, and integrated EMG of the hamstrings. A 1-way ANOVA was also conducted to determine significant interactions between the coefficients of the regression slopes for changes in ROM over the 3 protocols. Data for the performance protocol were analyzed with a 4 Â 2 (protocol (SS, AS, ASA, control) Â time (1, 10 min post)) 2-way ANOVA with repeated measures, using SPSS 16.0. Dependent variables for the 2 factors included CMJ height, RT, MT, balance contacts, and balance ratio. If significant interactions were present, a Bonferroni post hoc analysis was conducted. Significant differences are reported at p < 0.05. Descriptive statistics are reported as means ± SD.
Results
The data for changes in hip extension ROM, passive tension, EMG activity, and any performance measures did not show significant skewness or kurtosis for any condition. A Kolomogorov-Smirnov normality test was conducted, indicating that the data were normal for all conditions and measures. Mauchly's test was conducted on the data, and sphericity was not violated (Field 2005) .
ROM protocol
A main effect for condition showed that the ASA produced 41.4% and 75.2% greater ROM overall than the SS and AS conditions, respectively (p < 0.0001). Significant ROM interactions were evident with the ASA at 10, 20, and 30 min, producing 64.7%, 83.1%, and 95.4% significantly greater ROM than the corresponding SS conditions, respectively (p < 0.002) (Fig. 3) . Similarly, the ROM for the ASA protocol at 10, 20, and 30 min was 47.4%, 47.2%, and 46.5% significantly greater than the corresponding AS conditions (p < 0.002) (Fig. 1) . The ROM at 30 min for the AS condition was also 91.3% significantly greater than the SS condition at the same time interval (p < 0.002) (Fig. 3) .
A significant interaction was also found when comparing the coefficient of regression for the slopes of each protocol over the total duration. The slope for the ASA protocol was significantly different than the slope for the SS protocol (p = 0.01) (Fig. 4) . There was no significant difference for the AS protocol.
The differences in ROM did not have any significant effect on EMG for the hamstrings or the quadriceps; nor did they affect passive muscle force during the stretch (Table 3) .
Performance protocol
There were no main effects for condition for any of the performance variables, indicating no advantage or disadvantage for any of the warm-up conditions in terms of subsequent performance.
There were main effects for time for the CMJ, balance ratio, and MT. The pretest CMJ heights were 4.1% and 1.6% significantly (p = 0.0004) less than the heights achieved at 1 and 10 min of recovery, respectively (Table 4 ). There was a significant difference between balance ratios at pretest and at 10 min of recovery. The balance ratio at pretest was 8.1% (nonsignificant) and 16.7% (p < 0.0001) less than that at 1 and 10 min of recovery, respectively (Table 2) . Similarly, MT at pretest was 5.4% (nonsignificant) and 8.1% (p < 0.0001) slower than at 1 and 10 min of recovery, respectively (Table 4) .
There were no significant main effects or interactions concerning impairments or facilitation of balance contacts or RT with any of the warm-up conditions or over time.
Discussion
The most important findings of this study were that the ASA condition provided the greatest increase in ROM, which persisted over a 30-min period. Second, when 6 s static stretching was incorporated into the warm-up conditions, there were no impairments in subsequent RT or balance performance (number of contacts). In fact, any combination of six 6-s static stretching, with or without 5 to 10 min of aerobic activity, improved subsequent CMJ height, MT, and balance ratios. The 36 s of static stretching in this study is of greater duration than the stretching routine of a typical professional athlete (Ebben and Blackard 2001; Ebben et al. 2004 Ebben et al. , 2005 Simenz et al. 2005 ), yet it did not diminish performance. Thus, for sports that necessitate static flexibility maneuvers, athletes should perform a warm-up that involves at least 5 min of aerobic activity before and following a short duration and volume (i.e., 6 repetitions of 6 s) of static stretching. The increase in ROM could be expected to endure for at least 30 min, and not negatively impact, and possibly even improve, subsequent performance. This information is especially important for athletes who start the game or who are inserted into the game after passively sitting on the bench or waiting on the sidelines. These athletes using the ASA technique could expect a significant increase in ROM to persist for 30 min after their initial warm-up.
As there were no main effects for condition with the performance measures, all conditions, including the control condition (10 min treadmill run but no stretching), provided improvements in CMJ height, MT, and balance ratios. The goal of the aerobic component (e.g., running, cycling) in a traditional warm-up is to raise the body temperature 1-2 8C (Young and Behm 2002; Young 2007) . The increase in body and muscle temperature has been found to increase nerve and muscle action potential conduction velocity and increase muscle compliance (Young and Behm 2002; Bishop 2003) , which could contribute to jump height, MT, and balance enhancement.
In contrast to our findings, Young and Behm (2003) found that when static stretching was implemented in a warm-up protocol that involved a prior aerobic warm-up and subsequent sport-specific activities, vertical jump performance was impaired. However, their study utilized 2 min of stretching per muscle group. Our study illustrates that a shorter duration of static stretching (36 s) did not negatively impact the positive influence of the prior aerobic warm-up activity. A number of studies have demonstrated that shorter durations of stretching may not adversely impact performance. There were no significant impairments in isokinetic torque with 10 and 20 s of static stretching, but there were deficits with 30 and 60 s (Siatras et al. 2008) , as well as deficits with 10-, 16-, and 30-s stretches, but not with a single 30-s stretch (Zakas et al. 2006a ). Other studies have reported no significant change in throw performance with 30 s of static stretching (Torres et al. 2008) , and no effect of 45 s of stretching on 1 repetition maximum bench and leg press (Beedle et al. 2008 ). Knudson and Noffal (2005) indicated that 40-100 s of stretching impaired grip strength, while 10-30 s did not. Hence, short-duration static stretching may present less stress to the muscle, allowing the positive effects of the aerobic warm-up to induce metabolic and neural responses to enhance performance.
However, because the ASA condition provided performance enhancements similar to the other conditions, but with the greatest increases in ROM over 30 min, this protocol would be the recommended option. Providing a second aerobic component following the static stretching would have been expected to maintain the elevated temperature for a longer period of time than no treadmill running (SS condition), or 10 min of running alone (control) or prior to stretching (AS).
The significant increase in hip flexion ROM in this study did not elicit increases in passive leg extensor tension. In a previous study (Huang et al. 2010) , hamstring passive tension increased 21.3% over a 208 hip flexion ROM. Thus, the lack of increase in leg extensor passive tension with a stretch-induced increase in ROM could suggest increased muscle compliance or decreased muscle stiffness due to the SS interventions. Another possibility is that the treadmill aerobic activity caused increases in skin and muscle temperatures, leading to augmented blood flow to the area (Weerapong et al. 2005) . Thus, the ASA condition, with its combination of aerobic activity and stretching, may have provided the greatest decrease in muscle-tendon stiffness.
EMG activity did not increase with the increased ROM in our study. Taking into consideration that an increased ROM should place the muscle spindles under greater stress (due to an elongated or stretched muscle), an increase in EMG activity due to spindle-induced stretch reflexes might be expected. However, Chalmers (2004) found that the amount of reflex-induced EMG activity associated with a maximum ROM is very low or minimal, and may not be physiologically meaningful. Similarly, Magnusson et al. (1996) observed a stretch-induced EMG signal equal to only 1% of the maximal voluntary contraction EMG. Since, in their study, the EMG activity did not change in conjunction with force loss after 90 s of stretch, they also concluded that the EMG associated with the stretch reflex did not contribute significantly to the stretch-induced force resistance. If there are neurophysiological inhibitory responses present, the signal to noise ratio of the global (surface) EMG signal may not be sensitive enough to illustrate these effects.
Further limitations to the study may include the diversity of the subject population, which consisted of recreationally active and trained individuals. While there may have been some variability in their responses, it could be argued that they also represented a wider scope of the population, allowing greater application of the results to a more general population.
Conclusion
All combinations of six 6-s static stretching, with or without 5 to 10 min of aerobic activity, improved subsequent CMJ height, MT, and balance ratios. The ASA condition provided the greatest increase in hip flexion ROM over the 30-min testing period, with either no impairment (RT, balance contacts) or facilitation (jump height, MT, and balance ratio) of subsequent performance. This substantial and prolonged increase in ROM may be attributed to a combination of a maintained elevated muscle and core temperature due to the aerobic activity before and following the stretching, in conjunction with the positive effects of static stretching on flexibility. One mechanism of the ASA warm-up effects on ROM may be attributed to increased muscle tendon compliance, as evidenced by the lack of increase in passive muscle tension with the increased ROM. Individuals who are involved in prolonged activities (e.g., 30 min) that involve a static flexibility component are urged to adopt an ASA-style warm-up protocol (short duration and volume of static stretching sandwiched between at least 5 min of aerobic activity).
